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The SAE J1939
Communications
subcommittee are
design, and usags

series of SAE Recommended Practices has been developed by the Truck and
Network Subcommittee of the Truck and Bus Electrical and Electronics .Committee. Th
to develop information reports, recommended practices, and standards concerned with
of ECUs, that transmit electronic signals and control information.among vehicle comp
of these recommepded practices is not limited to truck and bus applications. Other’applications may be ac
immediate suppoft being provided for construction and agricultural equipment, and stationary powe
documents are inended as a guide toward standard practice and are subject to change to keep pace w
technical advanc

SAE J1939-03 identifies key requirements, guidelines, and recommendations on the design and ints
networks with sefvice tools that query the vehicle for regulated diagnostics. CARB, U.S. EPA, EU
regulations were gonsidered for the development of SAE J1939-03.
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1. SCOPE

1.1 Introduction

SAE J1939-03 provides requirements and guidelines for the implementation of on-board diagnostics (OBD) on heavy-duty
vehicles (HDV) using the SAE J1939 family of standards. The guidelines identify where the necessary information to meet
OBD regulations may be found among the SAE J1939 document set. Key requirements are identified here to ensure the
interoperability of OBD scan tools across individual OBD-compliant vehicles.

Market-defined regulations permit the use of SAE J1939 to meet OBD requirements. Implementers are cautioned to obtain
and review the specific regulations for the markets where their products are sold. This document is focused on guidelines

and requirements
States Environme
WP 29 GRPE WW

1.2 Identificatio

There are three approaches for providing OBD services. SAE J1939 provides OBD services that are inte

powertrain contro
requirements.

H OBD Global Technical Regulation (GTR).

h of HDV Diagnostic Methods

messages and methods for HDV. This document focuses on theluse of SAE J19

ISO 15765-4 and
diagnostics com
approaches are i

1.2.1

SAE J1939 Approach for HD OBD, OBD II, and WWH OBD

ISO 27145 are identified as comparative references. These standards define met
unications that are independent of vehicle’s powertrainr control and information m¢
ntified below.

SAE J1939 provides an open systems approach for the integration of HDV components. Within this ap
methods and mesgages are provided to achieve HD OBD, OBD II, and WWH OBD requirements. This sp¢
guidelines and requirements for the implementation of:HD OBD, OBD Il and WWH OBD requirements
constructs.

The SAE J1939 geries of standards does not define scan tool standards in a document structure th
SAE J1978 (ISO 15031-4) or ISO 27145. In SAE J1939, standardized scan tools are applications of the r
in SAE J1939, BAE J1939DA, SAE J1939-01, SAE J1939-21, SAE J1939-31, SAE J1939-71
SAE J1939-81, and SAE J1939-84. Section 4 discusses the SAE J1939 document structure and its 3

tools. Subsequent

1.2.2 1SO 1576

ISO 15765-4 may|
15765-4 outlines
implementer shall

sections discuss tapics of particular interest in the development of standardized scan t
b Approach for.kiD OBD and OBD Il
be used.as’described therein to satisfy HD OBD and OBD Il requirements for heavy-

the individual parts that comprise the diagnostic requirements for OBD. If ISO 157§
follow-the directives given in ISO 15765-4. Under ISO 15765-4, ISO 15031 describeg

R 1971.1, United

htal Protection Agency, Euro IV and V requirements from European Commission direcﬂves, and UN/ECE

grated with known
B9 to satisfy OBD

nods for on-board
bthods. The three

broach, diagnostic
cification provides
using SAE J1939

bt is equivalent to
bquirements given

SAE J1939-73,
pplication to scan
pol for SAE J1939.

Huty vehicles. ISO
5 is selected, the
OBD service tool

requirements and

the)OBD message interface in ISO-15031-4 and ISO 15031-5. SAE J1978 is equivale

ht to ISO 15031-4,

and SAE J1979 is

1.2.3

equivalent to ISO 15031-5.

ISO 27145 Approach for WWH OBD

ISO 27145 defines data and messaging to satisfy WWH OBD requirements. Implementers may choose to fulfill ISO 27145
when required to meet WWH OBD requirements in local regulations. 1ISO 27145 defines a VOBD concept for providing a
logical function for vehicle-level on-board diagnostics using wireline ethernet and wireline CAN. The logical function may be
implemented as a gateway or virtually within one or more compliant modules. This document discusses the process required
when implementing the VOBD function for WWH OBD using messages defined in SAE J1939-73. Presently, GTR 5 is best

represented in An

nex 9b of UN ECE R49.
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1.3 Verification of OBD Requirements

CARB and U.S. EPA regulations require verification of OBD requirements to assure standardized scan tool interoperation.
Compliance to standardized communication requirements for scan tools is determined by SAE J1939-84 and SAE J1699-3.
1.3.1 SAE J1939-84

SAE J1939-84 provides methods to verify interaction between the service tool and vehicle for the SAE J1939 approach.
SAE J1939-84 standardizes the qualification of vehicles for use with HD OBD and OBD Il scan tools that support SAE J1939.

SAE J1939-84 adapts the concepts of SAE J1699 as enabled by SAE J1979DA, SAE J1939-73, SAE J1939-71, and
SAE J1939-21.

1.3.2 SAE J1699-3

SAE J1699-3 de

ribes the qualification of vehicles for use with scan tools for the ISO 15765-4/ISO 1

SAE J1699-3 doeg not apply to vehicles using SAE J1939 diagnostics.

1.3.3 WWHOB

The WWH OBD G
in SAE J1939-73
in SAE J1939-73.

2. REFERENCE
2.1 Applicable [
The following doc

For dated referen
are encouraged t

TR recognizes SAE J1939-73 as a means to support WWH OBD. #his document supp
ith specific requirements and process guidelines to eliminate misinterpretation of the
Specific requirements for formal evaluation of engines or vehicles are not defined with

S
Documents
Lments contain provisions, which through reference in this text constitute provisions f

tes, subsequent amendments to, or revisions of, any of these publications do not appl
b investigate the possibility of applying the most recent editions of the normative do

below, as may bg required by local regulations. For undated references, the latest edition of the no

referred to applies
2.1.1  SAE Publ

Available from SA
and Canada) or +

SAE J1699-3
SAE J1939

SAE J1939DA

. ISO and IEC maintain registries of currently valid International Standards.
cations

F International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606
| 724-776-4970 (outside USA), www.sae.org.

Vehicle OBD'll Compliance Test Cases
SerialControl and Communications Heavy Duty Vehicle Network - Top-Level D

SAE J1939 Digital Annex

5031-4 approach.

orts the definitions
messages defined
n the GTR.

or SAE J1939-03.
y. However, users
cuments indicated
rmative document

7323 (inside USA

bcument

SAE J1939-1

On-Highway Equipment Control and Communication Network

SAE J1939-11

SAE J1939-13

SAE J1939-14

SAE J1939-15

SAE J1939-21

SAE J1939-31

SAE J1939-71

Physical Layer, 250 Kbps, Twisted Shielded Pair

Off-Board Diagnostic Connector

Physical Layer, 500 Kbps

Reduced Physical Layer, 250 Kbps, Un-Shielded Twisted Pair (UTP)
Data Link Layer

Network Layer

Vehicle Application Layer
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SAE J1939-73

SAE J1939-81

SAE J1939-84

SAE J1978

SAE J1979

SAE J1979DA

Application Layer - Diagnostics

Network Management

OBD Communications Compliance Test Cases for Heavy Duty Components and Vehicles

OBD Il Scan Tool - Equivalent to ISO/DIS 15031-4: December 14, 2001
E/E Diagnostic Test Modes

Digital Annex of E/E Diagnostic Test Modes

SAE J2284-2
2.2 Governmen

HD OBD and V
eur-lex.europa.eu

High Speed CAN (HSC) for Vehicle Applications at 250 Kbps
t Documents

VWH OBD regulations and related information are available at www.arb.ca.qgd

Vv, Www.epa.gov,

and www.unece.org/trans.

California Code o
Subsequent Mode
Air Resources Bdg
Telstar Avenue, E

California Code of
Subsequent Mode

California Code ¢
Subsequent Mode

European Directiv
Commission Direq

European Directi
<7600 pounds) EL

European Union H
(These define EU

U.S. EPA, Title
14000 pounds).

U.S. EPA, Title
14000 pounds GV

Regulations, Title 13, Section 1968.2, Malfunction and Diagnostic.System Requirem
I-Year Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles and Engines (
ard (CARB) Publications are available from the Air Resources Board, Haagen-Smit

Monte, CA 91731-2990.), Year 2003 rulemaking. Year 2007, 2010, 2013, 2016, 2019

Regulations, Title 13, Section 1971, Engine Manufacturer Diagnostic System Require
I-Year Heavy-Duty Engines. Year 2004 rulemaking.

f Regulations, Title 13, Section 1971.1, On*Board Diagnostic System Requireme
I-Year Heavy-Duty Engines (HD OBD). Year.2006 rulemaking. Year 2010, 2013, 2016

e 2005/55/EC of the European Parliameht and of the Council of 28 September 2005 3
tive 2005/78/EC and amended by Commission Directive 2006/51/EC.

ve 98/69/EC as amended by 99/102/EC, 2001/1/EC, 2001/100/EC, and 2002
U Reg 595/2009 and.its implementing regulations, including, Regulation 49, 06 Serie
RO VI emissions and HD OBD, includes motor vehicles above 3500 kg (i.e., M2, M3, N
10, CFR 86.005-17 On-board diagnostics, July 1, 2011 (OBD for Engines—for

10, CFR 86.007-17 On-board Diagnostics for engines used in applications less
VWRyJuly 1, 2011.

ents for 2004 and
DBD 1) (California
Laboratory, 9528
rule updates.
ments—2007 and
nts for 2010 and
, 2019 updates.

s implemented by

/80/EC (Vehicles

ropean Union Heavy Duty"OBD (vehicles above 7600 Ibs) 29 November 2005 (EC Directive 2005/78).

5 of Amendments.
2,N3).)

vehicles 8500 to

than or equal to

U.S. EPA, Title 40, CFR 86.1806-05 On-board diagnostics for vehicles less than or equal to 14,000 pounds GVWR. July 1,

2011.

U.S. EPA, Title 40, CFR 86.1806-10 (OBD for Vehicles—8500 to 14000 pounds), December 4, 2008.

U.S. EPA, Title 40, CFR 86.010-18 On-board Diagnostics for engines used in applications greater than 14000 pounds

GVWR. July 1, 20

11.

World Wide Harmonized OBD proposed Global Technical Regulation GTR 5 by the Economic Commission for Europe,
reference ECE/TRANS/WP.29/GRPE/2006/8/Rev.1/27 March 2006.

Cook, L.H., “Best Practices for Addressing OBD Readiness in IM Testing of Diesel Vehicles Under 14000 Gross Vehicle

Weight Rating,” U

.S. EPA, Office of Air and Radiation, Ann Arbor, MI, March 7, 2013.
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221

ISO Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 2575 AMD 2

ISO 7498-1:1984

ISO/IEC 10731:1994

ISO 11898:2006

Road Vehicles - Symbols for Controls, Indicators and Tell-Tales (Amendment 2)

Information Processing Systems - Open Systems Interconnection - Basic Reference Model

for the Definition of OSI Services

Information Technology - Open Systems Interconnection - Basic Reference Model - Conventions

Road Vehicles - Interchange of Digital Information - Controller Area Network (CAN) for High-Speed

ISO 14229-1:2013

ISO 15031-3

ISO 15031-4

ISO 15031-5

ISO 15765-2

ISO 15765-4

ISO 27145-1

ISO 27145-2

ISO 27145-3

ISO 27145-4

3. SYMBOLS AN

Communications
Road Vehicles - Unified Diagnostic Services (UDS) - Part 1: Specification,and R

Road Vehicles - Emission-Related Diagnostics - Communication Between Ve
Equipment - Part 3: Diagnostic Connector and Related Electrical-Circdits: Speci

Road Vehicles - Communication Between Vehicle and Extenial Equipment for B
Diagnostics - Part 4: External Test Equipment

Road Vehicles - Communication Between Vehicle and External Equipment for E
Diagnostics - Part 5: Emissions-Related Diagnosti¢’ Services

Road Vehicles - Diagnostics on Controller Area Network (CAN) - Part 2: Networ

Road Vehicles - Diagnostics on Controller Area Network (CAN) - Part 4:
Emissions-Related Systems

Road Vehicles - Implementation<6f WWH-OBD Communication Requirements
Information and Use Case Definition

Road Vehicles - Implementation of WWH-OBD Communication Requirements
Emissions-Related Data Dictionary

Road Vehiclesw-\Implementation of WWH-OBD Communication Requirements
Message Dictionary

Road Vehicles - Implementation of WWH-OBD Communication Requirements -
Between Vehicle and Test Equipment

ID ABBREVIATED TERMS

CARB Califo

equirements

hicle and External
fication and Use
Fmissions-Related

Fmissions-Related

k Layer Services

Requirements for

- Part 1: General

- Part 2: Common

- Part 3: Common

Part 4: Connection

nia’ Air Resources Board

EPA

GTR

HDV

M

ISO

Mi

(United States) Environmental Protection Agency
Global Technical Regulation

Heavy-Duty Vehicle

Inspection and Maintenance

International Organization for Standardization

Malfunction Indicator (WWH OBD specific term for MIL)
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MIL Malfunction Indicator Lamp
OBD On-Board Diagnostics
OEM Original Equipment Manufacturer

WWH World Wide Harmonized
VOBD Vehicle On-Board Diagnostics

4. REQUIREMENTS AND GUIDELINES FOR OBD IMPLEMENTATION USING SAE J1939

The SAE J1939 family of specifications was developed using the Open Sysiem Network Tayer Concgpts for guidance.
Figure 1 shows the application of SAE J1939 standards to Open System Network Layer Concepts/|Some documents
address more than one layer, and some layers are not used. Coverage for more than one layer by a dogument should not
be interpreted thaf the layers are combined. More generally, SAE J1939 standards leverage the Contrgller Area Network
(CAN) specification (subsequently standardized as ISO 11898) to the problem of heavy-duty vehicle integration. The
following subsectipns below discuss key requirements from the SAE J1939 family of specifications for implementing scan
tools to service SAE J1939 applications. Most of these requirements are common to vehiceles, components and OBD scan
tools, whether thely are focused on inspection and maintenance (IM) or other serviceyoles.

SAE J1939-03 OBD Implementation Guide

N

Layer 7 — Application SAE J193971 Application Layer
SAE J1939-7, plication Layer Diagnostics
Layer 6 — Presentation s el Lhu DLl e
&
No formal ses@@required. Address Claim differentiates deviges.
Layer 5 — Sess|on Memory AccesA\SAE J1939-73 provides for authentication, if reqpired.
+O

Layer 4 — Trangport

Layer 3 — Netwprk

Layer 2 — Data [Link
~O°
o‘
Layer 1 - Physical

V\

Figure 1 - Application of SAE J1939 standards to open system network layer concepts
4.1 Physical Layer Definition

SAE J1939-11, SAE J1939-14 and SAE J1939-15 define physical layer implementations of the ISO 11898 Controller Area
Network (CAN) specification. CARB regulations for 2016 MY engines require compliance to 500k baud communications in
13 CCR 1971.1 (h). Network topology requirements in SAE J1939-11 are relaxed in SAE J1939-15 to provide additional
design flexibility to the OEM in the placement of network termination devices and for the use of the diagnostic connector.
This allows the OEM to better optimize the cost/performance of their design.


https://saenorm.com/api/?name=15395207455520b980a497e47fd107c8

SAE INTERNATIONAL J1939™-03 MAY2021 Page 9 of 51

4.1.1  Signal Definition

Section 3 of SAE J1939-15 defines the signal characteristics of the SAE J1939 network. SAE J1939-15 is harmonized with
SAE J1939-11 allowing the backwards-compatible interoperation among components. SAE J1939-15 and SAE J1939-11
provide reference designs that are compatible with ISO 11898. Service tools must be capable of communicating with both
SAE J1939-11 and SAE J1939-15 signal specifications. SAE J1939-14 describes the signal as transmitter and receiver
requirements in section 5.

41.2 Media

Cables must be capable of delivering the required signal levels to all network devices. The physical media shall meet the
requirements of SAE J1939-11, SAE J1939-14, or SAE J1939-15 for a 120 Q cable. The insulation color of the CAN_HI
and CAN_LO con 2. .

4.1.3 Topology

The OEM is responsible for the design and implementation of the SAE J1939 network topology in his
backbone length, fermination, and network device stub length. The OEM may elect to include backbone
selected moduleg; however, their service procedures should provide methods to terminate the ba
terminating devicg(s) is (are) not connected to the backbone. SAE J1939-14 guides topologies for 500k b
are distinct from 260k baud networks given by SAE J1939-11 and SAE J1939-15,

vehicle, including
termination within
ckbone when the
aud networks that

Network device stub length includes the provision for the inspection and maintenance tool connection thro
connector. This stlib shall be capable of supporting a 5 m cable to the OBD.scan tool. This exceeds the r
length of SAE J1939-11 by 4 m. Implementers are recommended o, minimize the distance from
SAE J1939-13 didgnostic connector to provide design margins for off-beard communications.

NOTE: The ability to support a 5 m cable is a practical provision for the reasonable access of sery

ugh the diagnostic
pcommended stub
pach node to the

ice tools and test

nt for a 5 m cable
5, SAE J1939-14,
cable and are not
nal system design
g SAE J1939-15,
nge.

equipmenit. A maximum 5 m cable length is described'in ISO 15765-4 Table 8. The requireme
adds addifional constraints on topology designs that are not addressed by current SAE J1939-1
and SAE J1939-11 topology design rules. Design rules have not been developed for the 5 m
available in the referenced versions of SAE J1939-11, SAE J1939-14, and SAE J1939-15. Additig
will be rgquired until new topology design’ rules are available. The committee is studyin
SAE J1939-14, and SAE J1939-11 topology design rules to address the 5 m cable design challg
4.1.4

AC Termipation

The tool shall pro eflections from its

connection to the

ide the AC termination described by ISO 15765-4 Figure 3 and Table 7 to minimize
SAE J1939-13 connector.

4.2 Diagnostic Connector
hnector defined in SAE J1939-13 shall be used as described therein. SAE J1939-13 ph
the part and pin assignments. SAE J1939-13 also provides guidelines for the location of the connectpr. Market-defined
regulations may [provide specific guidance on connector selection and location. Vehicles that| use 500k baud
communications for HD OBD under SAE J1939-73 shall use the green, type Il connecter definition in SAE J1939-13.

The diagnostic co ysically describes

4.2.1 Power Connection

The power connection described as battery+ and battery- in SAE J1939-13 shall be consistent with standards for 12 V and
24 V starting and charging systems. Higher voltages shall not be supplied through the diagnostic connector.
4.2.2 Battery+ Fusing

The battery+ supply shall be fused as defined in SAE J1939-13.
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4.3 Data Link Layer Definition

The data link layer for OBD implementation on SAE J1939 vehicle networks shall conform to SAE J1939-21. OBD service
tools shall comply with SAE J1939-21 when connected to a SAE J1939 vehicle. Key provisions of SAE J1939-21 are
reviewed below.

4.3.1  Physical Address Definitions

4.3.1.1 Preferred Address - OBD Devices for On-Highway Applications

OBD devices shall use the preferred addresses defined in SAE J1939 for Industry Group 1, On Highway Vehicles or Industry
Group 0, Global. The OEM may assign fixed addresses that match the preferred addresses within these industry groups to

suit the performari

4.3.1.2 Preferrg
OBD inspection a
addresses are giv
there are too man
user to manage th
4.3.1.3 Address
Functional reques
information is not
requests. In SAE
SAE J1939-21 de
limits the use of
destination specifi
resources needles

4.3.2 PDU Forn

SAE J1939-21 de
the CAN identifig
SAE J1939-73 de

4.3.3 Request/H

The diagnostic se
SAE J1939-21. T
diagnostic messa
DM22 using DM7
in SAE J1939-21.

Ce needs of the venhicle.
d Address - Service Tool

nd maintenance tools shall use the preferred address for diagnostic tools given in S
en as 249 and 250. OBD scan tools shall not duplicate the address of at0olthat is alr
y tools connected to the bus, the scan tool shall provide a warning to the user interfac
e tool connections.

es for OBD Functional Requests

ts are presented to the network in search of specific.information where the physic
known a’ priori. SAE J1939-21 defines the addressy255 (FF16) as the physical add
J1939-21, physical address 255 is described as-the global destination address. TH
scribes the use of this feature. See 4.3.3 for more.information on requests and respons|
fhe global destination address for DM24, D25, and DM7. These services should
c addressing to minimize delay and avoid multiple BAM message responses from com

sly.

nat for CAN Identifiers

rs shall meet the definitions in SAE J1939-21. Other specifications such as S/
ine specific content to be used in PDU fields for each CAN message.

Response System

rvices described'in SAE J1939-73 are implemented using the request-response mecha
he principles(in SAE J1939-21 shall be followed, unless specific requirements are d
je in SAE-J1939-73. SAE J1939-73 provides unique request response systems for
Aand DM22. These request mechanisms are described in SAE J1939-73 and presume
Additional exceptions are defined for DM11 and DM3 which are commands sent to

AE J1939. These
pady connected. If
e for action by the

bl address of that
ress for functional
e Request PG in
es. SAE J1939-73
be queried using
peting for network

ines the protocol data units thatiimplement information services on SAE J1939 networks. The content of

\NE J1939DA and

nism described in
efined for a given
DM30, DM8, and
rinciples provided
devices using the

SAE J1939-21 Re

quest PG (PGN 59904).

4.3.3.1 Reques

t

The Request PG (PGN 59904) is described in SAE J1939-21. The Request PG (PGN 59904) supports both destination
specific and global destination requests. Using the global destination request, all network nodes can be interrogated for
selected diagnostic data by a single request. The form of the request and the nature of the information to be provided
determine the transport protocol facility to be used when the data in the reply exceeds 8 bytes. Queries for data to a given
device shall not overlap each other or queries for DM7. Similarly, queries for DM7 shall not overlap with queries using the
Request PG (PGN 59904).
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4.3.3.2 Response
4.3.3.2.1 ACK/NACK

The Acknowledgement PG (PGN 59392) (ACK/NACK) is described in SAE J1939-21. The Acknowledgement PG describes
both a positive and negative acknowledgement facility. ACK and NACK responses indicate the performance status of a
request or command. Destination specific requests received for unsupported data are responded to with NACK.
SAE J1939-73 discusses the use of ACK/NACK on many of its service requests. ACK/NACK requirements should be strictly
adhered to ensure service tool compatibility. The control byte values in the Acknowledgement PG (PGN 59392) include the
value “busy.” This value may be provided when the responder has the information requested but cannot respond because
of resource or time limitations. Such responders shall be provided an extra retry (for a total of four attempts). Such requests
that were made originally as a global request, shall be made using a destination specific request at least once.

4.3.3.22 Data
Requests for data|shall be responded to as described in SAE J1939-21 Section 5.4.
4.3.4 Transport/Services

Transport serviceg are described in SAE J1939-21 for data responses that exceed:eight bytes in length. Two forms of
transport services|are provided.

4.3.4.1 Broadcast Announce Message (BAM)

The BAM form allgws data exceeding 8 bytes in length to be sent globally:Jt is also used for the response|to a request when
the request was gent to the global destination address. Scheduling.multiple BAM broadcast messages [back to back may
interfere with gloHal service tool requests that result in use of TR:BAM resources. Accordingly, schedyling for broadcast
messages should|consider the need for a tool to receive BAM message content that it requested. Thig is especially true
during the second|of time where both DM1 and EC1 are scheduled.

4.34.2 Requestto Send/Clear to Send (RTS/CTS)
The RTS/CTS forin is used for point-to-point commtinications. RTS/CTS provides flow control for large Tata transfers. It is
used for the resppnse to a request when the.request was sent to a specific destination address and the response data
exceeds 8 bytes.

4.4 Network Layer Definition

SAE J1939-31 d¢gfines the network.layer provisions in the SAE J1939 family of specifications. SAE J1939-81 describes
network managenpent facilities for,devices on a SAE J1939 network.

441 Network Uayer

Any network routdr, bridge, or gateway used to satisfy OBD requirements shall comply with SAE J1939-B1.

442 Recommended Network Topology for OBD Devices

All devices that respond to OBD defined requirements are recommended to reside on the same network segment as the
OBD connector. Minimizing the use of routers and bridges between the OBD scan tool and OBD-compliant devices reduces
message latencies and eliminates opportunities for messages to be misrouted.

The use of subnetworks is common among HD OBD engines and vehicles. Not all devices will be directly visible to a scan
tool connected to the SAE J1939-13 connector. Devices in the subnetwork may be required to provide information through
intermediary devices to satisfy CARB requirements and pass an SAE J1939-84 test.
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4.4.3 Network Layer and Network Management

SAE J1939-81 defines network management features of SAE J1939, including the communication of the mapping of device
functions to network addresses on the network. This mapping may be fixed for an individual vehicle but could vary from
vehicle to vehicle.

444 Address Claim

OBD devices on vehicles may have fixed addresses using the preferred addresses defined in SAE J1939DA. OBD devices
need not support an arbitrary address capability. OBD components shall support the address claim method described in
SAE J1939-81 and identify the functions they support. Address claim for OBD components provides function names and
source addresses to the OBD scan tool. Where practical, devices that support OBD components with data should also

support address

switch multiplexer:
445 Network (
Table 2 of SAE J
Because more tha

claim and dynanmj
SAE J1939-81 de

4.5 Application

Parametric data re
segment serving t
Routine broadcas
a network segmer

There are two dodg
as engine speed §
data content for d
OBD regulations.

451 Broadcas

4511 Paramsg
SAE J1939-73 idg
that must be supy
using the data lin
provided to tools g

faim to fdenttfy thelr function. AS examplies, 1ogistics communications devices, data
5, instrument clusters, ABSs, and transmissions all should support address claim togiden

Lapabilities for Service Tools

1939-81 describes the network management capabilities for service tools. and other
n one tool may become attached to a heavy-duty vehicle, service tools-are required {
ic addressing to avoid address conflicts. This requirement is identified in SAE J
ines the address claim process and the dynamically assigned physical addresses that]

| ayer

lating to diagnostics and control applications is routinely.broadcast as messagesona S
he vehicle’s power train. This follows the open systems concept under which SAE J193
of fault information allows the development of failssoft strategies within the componen
t.

uments that define application layer requitements for OBD. SAE J1939DA defines paf
nd some component operating limits like idle speed. SAE J1939-73 defines the diagng
agnostics messages on a SAE J1939 network. Table 1 of SAE J1939-73 matches s

Messages

tric Data

ntifies the parametric data required by the regulations. These references define the S
orted from the.définitions in SAE J1939DA. SAE J1939DA bundles these SPs into 5

k layer constructs for point-to-point requests and broadcast information. The SP fi
hall mateh-the definitions provided for the PGs in SAE J1939DA.

As allowed by SA

“not available.” Parameters that have failed shall be coded as “error indicator” as described by SAE J

E J1939-71, parameters not used for OBD purposes and not estimated by the system

loggers, operator
tify their functions.

network devices.
D support address
1939-81 Table 2.
can result.

AE J1939 network
9 was developed.
s collaborating on

ametric data such
stics services and
ervices to specific

Ps (by their SPN)
specific messages
elds in messages

shall be coded as

1939-71 Table 2.

Substitute estimates or default values shall not be broadcast instead of broadcasting “error indicator.” SAE J1939-71
provides for engine speed dependent data broadcast rates, and reduced rates for requested data not originally broadcast
on the observable network segment.

Systems complying with HD OBD, OBD Il (e.g., 13 CCR 1968.2 April 23, 2003), and WWH OBD are required to support
DM24 PG (SPN Support) (PGN 64950). DM24 identifies the parametric data, test results, and freeze frame contents that
are available from a given component. Refer to SAE J1939-73 for additional discussion of DM24, DM25, DM7, and DM30.
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451.2 MIL Status

The SAE J1939-73 message DM1 shall be used to communicate the MIL status to tools and other on-board devices. The
MIL shall only be used to communicate OBD failures and shall not communicate non-OBD malfunctions. Devices that do
not produce OBD faults shall report the MIL status as 112 as defined by SAE J1939-73 of SPN 1213. Cooperative distributed
systems may use other signals to collaborate on the value for MIL status and illuminate the MIL, but shall use MIL status to
provide the aggregated status. Sections 5.1 and 5.3 discuss distributed systems in vehicles.

Additionally, components that support WWH OBD shall support HRWS PG (Harmonized Road Worthiness - System)
(PGN 64867). HRWS provides the indication of continuous MI, describes the Ml as discriminatory or non-discriminatory,

and the MI activation mode required by Module B of the GTR.

451.3 Failure

The SAE J19394
malfunctions. Mes
more information.
4,52 Diagnosti
SAE J1939-73 d
SAE J1939-73 id

SAE J1939-73 dis
which is needed t

5. VEHICLE INT|

Some aspects of
components. Of g

the material below.

5.1 MIL llluming

The vehicle’s OB

requirements of color, symbol, bulb check, activation/deactivation and fault diagnostics as specified in th

OBD regulations.
require the use of

unless expressly permitted in the local ©BD regulations.

nformation
73 message DM1 shall include all active, confirmed OBD malfunctions and all
sage DM12 can be used to see only those malfunctions that are OBD related(Refer to
C Services

scribes diagnostic services available for diagnostics and regulated service proce
ntifies the diagnostic services needed to comply with individual OBD regulations.
gnostic messages (DMs) like DM24, DM25, and DM7 requiré the use of destination s
b better match response time expectations and better manage bus utilization under SA
EGRATION PRINCIPLES FOR OBD

the OBD regulations introduce requirements>,onto areas of the vehicle other than
pecific note is the required malfunction indicator lamp (MIL). Other areas may be imj
tion and Diagnostics

D system must incorporate adVIIL that is located in the driver’'s instrument panel. Th

Standardized symbol examples are included in ISO 2575. ECE R49, CARB, and U.S. B
symbol F.01. There shall.be only one MIL in the vehicle, and it is not allowed to be used

NOTE: The regul
driving st

notice to an operatorwho does not have an unobstructed view of the MIL in the primary driving
shall mirrgr thedllumination state of the MIL for the primary driving station.

Any OBD compongnt.on the vehicle must be able to illuminate the MIL, directly, or via the DM1 message.

ptions presumethat vehicles have only one driving station. Vocational HD vehicles
tions may-heed a copy of the MIL (and other key telltales) at the secondary driving

active non-OBD
SAE J1939-73 for

jures. Table 2 of
Notes to specific
pecific addressing
E J1939-73.

major powertrain
acted as noted in

e MIL must meet
b appropriate local
EPA regulations all
for other purposes

equipped with two
station to provide
station. The copy

If a DM1 message

from any device on the vehicle indicates that the MIL should be illuminated, then the device actually controlling the MIL
should illuminate the MIL. The MIL shall remain illuminated as long as any OBD device is commanding it on via their DM1
messages. The aggregation function is the same as that given for the scan tool in 8.2.1. Separate conventions for hybrid
systems have also been defined and are described in SAE J1939DA. Section A.27 of SAE J1939DA describes the use of
SPN 6810 for signaling the engine to provide MIL status.

The device operating the MIL must perform a bulb check on the MIL at key-on. The specific details of the bulb check
requirements are defined in the subject local OBD regulatory documents. During the bulb check function, the DM1 messages
should not indicate that the MIL is commanded on unless some other malfunction is commanding it on.

The MIL may be subject to OBD diagnostics itself. If the MIL is not capable of illuminating, due to failure, then the device
controlling the MIL must set the appropriate fault codes. The device shall indicate the faults and command MIL status on
with its DM1 message.
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5.2 Additional Instrumentation Diagnostics

Some of the local OBD regulations require that any OBD-related input or output components be subject to OBD diagnostics.
Some of these components may not be specifically included in the major powertrain components and may be associated
with the general vehicle electronics system.

A specific example in the CARB OBD requirements is the Wait-to-Start lamp for diesel applications. If the vehicle employs
an inlet-air or combustion chamber pre-heating device, and there is an indicator lamp to alert the operator of this device’s
operation, then that lamp is subject to OBD diagnostics. The lamp must be monitored for its ability to operate, and if a

malfunction is detected, then the appropriate fault codes must be set and communicated via DM1.

5.3 Multiplexed

Vehicle Architectures

Many of today’s v
distributed around
affect emissions (
of the Comprehern
in the major powe

When input signa
FMI 19 to describ

provided as FF1s ¢r “not available,” may use FMI 9 instead of FMI19 to distinguish*potentially incorrect ¢

failed signals prov,
should consider th
4.5.1.1.)

Distributed implempentations must assure that they implement consistent means for earmarking driving cy

synchronous statg
detect failures. Dr
important for the

additional conside
across multiple de

6. GENERAL SH

The requirements
these tools suppdg
SAE J1939 into th
in Table 1 of SAE
The IM tool is the

6.1  Single Purp

A service tool inte

the vehicle. Many OBD regulations require that any input signal or device or output cq
Dr are used as monitor entry or exit criteria) be subject to OBD diagnostics. These req
sive Component Monitoring requirements. Some of these components may | not be sf
rtrain components and may be associated with the general vehicle electfonics system.

s are multiplexed, the receiver shall record a fault for any missingorfailed signal. The]
e failed signals in SAE J1939-73 fault messages including DM1{_.DM2, DM6, DM12, 4

ded as FE16 or “error indicator.” Components, receiving multiplexed signals for OBD ent
e use of alternate information as a proxy when the preferfed signal is not available from

for reporting required data. OBD regulations define single driving cycle or multiple dri

ving cycles must meet specific criteria given in the regulations. Driving cycle indicatio
bookkeeping needed to erase faults that.have not recurred. Refer to Appendix H in

rations that accrue to distributed systefms where OBD functions are allocated (potenti
vices and smart sensors.

RVICE TOOL REQUIREMENTS

rt SAE J1850, ISO 9141, and ISO 15765-4. The requirements described below int
ese tools. Service tools include additional functions beyond those described in SAE J
J1939-73. The terms client and server are consistent with their use in ISO 15765-4
client and thewehicle’s ECUs are the servers.

bse SAE.J1939 Service Tool

Nding-{6 meet only the requirements of SAE J1939 shall not be marked to indicate it is

OBD protocols.

bhicles employ a multiplexed control system architecture where input signals and outpllnt components are

mponent that can
lirements are part
ecifically included

se faults shall use
nd DM23. Signals
onfigurations from
ry and exit criteria,
the network. (See

cles to maintain a
ing cycle logics to
ns are particularly
SAE J1939-73 for
blly non-uniformly)

for generic scan tools are defined in SAE J1978 and ISO 15031 part 4 for OBD Il scan tools. In general,

bgrate support for
1978, or identified
and 1ISO 15031-4.

compatible with all

6.2 Multi-Purpose Service Tools

The multi-purpose service tool shall be capable of mating to both the connectors defined in ISO 15031-3 and to the
SAE J1939-13 connector. Implementers are cautioned that specific markets may require a specific choice of these
connectors in a vehicle. The round, circular connector defined by SAE J1939-13 is the preferred choice for use with the
SAE J1939 network in commercial vehicle applications. It is the required choice for U.S. EPA and CARB HD OBD
regulations.

Multi-purpose service tools must follow the principles outlined in Section 7 to identify how OBD is supported on the vehicle.
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6.3

Power Connection

The service tool shall not draw more than 4 A at 18 VDC.

6.4 Application of SAE J1939

6.4.1

General Requirements

Service tools shall meet all the requirements given in Section 4. Service tools act as clients for SAE J1939-73 diagnostic
services provided by the vehicle network. SAE J1939-73 Table 1 provides a list of these required services.

6.4.2

Diagnostic Services

Service tools sha
SAE J1939-73, as

7. SERVICETO

Section 7 describ
SAE J1939 for OH
server. Section 8

7.1  Automatic F
Service tools, inte
automatically detg
recommendations
amended by I1SO 2
that support ISO
feature is the us
implementations.

ISO 15031-4 desq
and communicatid
bus-passive, bus-
7.2 ldentificatio
Scan tool manufs
diagnostics based
DMS5 indicates the
OBD support for t

7.3 OBD Netwo

| be capable of displaying the parametric data and failure information described(in-S
discussed in Section 4 of this document.

DL INITIALIZATION

bs the initialization of the service tool to perform as a client for diagnostic services d
D communications. This initialization shall be performed prior to requesting diagnostic
jescribes a model inspection and maintenance (IM) process for HD"OBD and OBD |II.

rotocol Detection

nding to support both SAE J1939 and ISO 15765/part 4 communications, shall prd
cting the relevant protocol and baud rate in use on.the vehicle. Figures 2-1 through 2-
on the integration of SAE J1939 into the protocol detection process provided by
P7145-4. One key feature is the use of the 11-hijt,functional request (7DF16) to identify 1
5765-4. The process will awaken diagnostic. gateways that do not broadcast until qu
e of SAE J1979 PID 1C+e to discriminate among OBD Il capabilities for 1ISO

ribes the protocol selection proceéss, using ISO 15765-4 to determine protocol suppo
bff, or other similar error condition as described in ISO 11898.

n of SAE J1939 OBD<Support

ctures shall use.a global request for address claim and DM5 data to distinguish
network fronran 1SO 15765 based network. As discussed in SAE J1939-73, the conts
available OBD support for the vehicle. The vehicle may support DM5 messages that i

ne device.or vehicle.

rk-Device Identification

AE J1939DA and

n a vehicle using
services from any

vide a means for
3 provide process
ISO 15765-4 and
-bit only networks
eried. Another key
15764-4 derived

't for ISO 15765-4

ns data rate. The tool shall ensure that the vehicle’s OBD data link bus is not disturbed and placed in a

a SAE J1939-73
nt of any received
ndicate there is no

The service tool shall issue a global request for the DM5 PG. Positive responses will identify the OBD devices on the
network. Requests for diagnostic services during a regulatory inspection and maintenance process shall be restricted to

those devices indi

cating OBD support in DM5 responses.
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7.4 Identification of SAE J1939 WWH-OBD Support

Figure 2 does not show identification of WWH OBD support on a SAE J1939 network. Vehicles that support UN ECE R49
Annex 9b using SAE J1939-73 must support DM42 PG (PGN 64862) for class A confirmed faults. UN ECE R49 does not
require vehicles to support HRWV PG (Harmonized Road Worthiness - Vehicle) (PGN 64868). As discussed in Section 9,
HRWYV is designed to provide a single go/no go inspection indication for multiple GTRs under Working Party 29. At the time
of publication, there is no second GTR to aggregate into HRWV, and MIL status provides the OBD system status for U.S.
and UN ECE R49 regulations. Service tools that focus on WWH OBD may send a global request for HRWV (PGN 64868),
after claiming an address and after requesting DM5. (See Figure 2.) To ensure that failure of the VOBD function does not
mask a negative condition, such tools may request HRWS PG (Harmonized Road Worthiness - System) (PGN 64867) from
the global destination address as a second step. Requesting HRWS will identify all components that support WWH OBD.

7.5 Parametric Pata TabteConstruction

Tools shall use thg information contained in DM24 PG (PGN 64950) to identify the data available, from an OBD-compliant
device. As discusged in SAE J1939-71, tools shall not request data that is routinely broadcast. Since’some data is broadcast
periodically after being initially requested, tools should listen for the desired information on a |SAE J1989 network before
requesting it. Thigd principle will maintain network bus loading headroom and minimize theytool’'s contrjbution to network
loading.
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J1939-03 OBD Protocol Detection Summary with 'Silent' Gateway, P.1

The 500K baud rate is used
- for1SO 15765-4 et. al.
Set CAN © J1939 provides for both
. Controller to 500K - 250K and 500K baud rates.

. SetCAN
Yes-}z Controller to 500K *

A 4 Turning OFF in-frame
TufoOFFin- - ACK bitand Efror Frame : "
- Franfe ACKand -  Response will enable " Send OX7DF for .
Erfor Frame | connection with least . PIDOXIC
sponse . .

disturbance on an active

1 network. _—

. Set CAN
< x Error NO-@ @ Yes-}z Controller to 250K ;
A 4
Yes :
_L . Send OX7EF for -
: Jet CAN : PID Ox1C
. Contrplier to 250K -
: o Rx Error indicates
: FT” nOFFin- = 4ata rate is not Tx Error indicates
ranje ACKand - .
© ErorFrame 250K or 500K as data rate is not
. Response - allowed by J1939 250K or 500K as
o or UN/ECE R49. allowed by J1939 gr
UN/ECE R49.
PID 0x1C support

indicates Advanced
OBD 2 or Euro VI
compliance

No
é
1. Newgr(€AN controllers and interface software may support automated connection schemes equivalen

to (or betterthan) that summarized above.  The Rey 1510 Use the connection fachity ima way thatdoes n
disturb the on-vehicle CAN controllers by generating too many error frames during the connection.

Notes:

2. See ISO 15765-4 to tell how to detect ISO 15765-4 and ISO 15031-5 as the OBD Diagnostic protocol for
non CAN based protocols. SAE J1979 PID 0x1C provides an OBD Compliance enumeration.

3. Both an ISO 15785-4 Diagnostic Gateway or an SAE J1939-73 Diagnostic Gateway could be defined as
a silent interface until queried in the appropriate context. Such queries are presumed to satisfy any CAN
line wake-up on activity criteria.

Figure 2A - Automatic protocol detection process summary
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J1939-03 OBD Protocol Detection Summary with 'Silent' Gateway, P. 2

* Send OX7DF for |
. PID 0x00

A device that does not support
PID 0x1C may still support OBD
using 1ISO 15765-4.

Page 2 assumes that Page 1
negotiated the communication
speed of the vehicle.

Receive PID
. 0x1C Responses *

No|

Send 29-bit
Request for
PID 041C

No|

)

%Y
iied

If data rate is lost,
then start over

PID 0x00 indicates
support for ISO
15765-4

If data rate is lost,
then start over

Tx Er %Yes—)@

Notes:

Is
PID 0x1C
received

Yes—b‘ Stop

PIB.0x1C now incly
values for Advance
No OBD 2 and Euro VI
i compliance
Send 29%it -
Request.for
PIR/0x00

If data rate is lost,
then start over

Is
PID
0x00
received

Yes—ﬂ Stop

PID 0x00 indicate}
No support for ISO
15765-4

[

1. See ISO T15765-4, TSO T503T-5 & SAE JT979-DATor more information related to US€ of Infotype UXT
and PID 0x00 in detection of a vehicle that supports ISO 15765-4 communications for OBD diagnostics.
Here PID 1C is used because its enumeration now includes values for advanced OBD regulations.

2. It is assumed on page 2 that a connection speed negotiation was completed on page 1. Any Tx
errors are most likely loss of connection rather than defective devices. However, three connection
retries (not shown in this diagram) should be sufficient to arbitrate connection loss on pages 2 and 3.

Figure 2B - Automatic protocol detection process summary, page 2
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J1939-03 OBD Protocol Detection Summary with 'Silent' Gateway, Page 3

The baud rate is assumed to be
negotiated during the
connection process on page 1.

Send Abdress Name (Address Claim) and . ‘ - DMS contents detg¢rmine
“Claim reqjestfora;  OBD Compliance in DM5  ransmit Slobal - whether OBD(is/stpported
. servicg tool. - must also be supported for HD . hed - on the vehicle.via pn

OBD. . © enumerdateditype.

I Alhreturned valueg must
Tx Ebror Ye : -~ ~bereviewed to defermine
© Receive DM5 ()~ which, if any devides,

Responses_ “\."  support OBD, and|which

If data rate is lost, : . L
g then start over : - form of OBD they pupport.

S S

* Receive|address - Note: An OBD Sve tool for 08D
- Claim R¢sponses | J1939 must complete its Supported N Stop >
. . Address Claim before

—_—

transmitting any requests.

Yes
. oy
Procedure

If there are no names
received:-"*OBD for J1939
is npt supported.

Notes:

1. SAE|J1939-21 Defines the response time requirements for requests on J1939 networks.

2 Placi hatha CAN Caontrallar in QOENK mnadA paavy racild in tha rAsan Hon of mAacoa~nc fro

oamavrracilt in tha mtha va iwle
gt e o O OnmC T 2o ot T oG THay resort e e PO Ot ooage oo v el

from messages defined in SAE J1939-71. While this would indicate network speed, responses to
address claim indicate a J1939 network that may be capable of OBD diagnostics.

3. Address claim is described in SAE J1939-81. Multiple responses could be received. See J1939-01 to
interperet the network names and functions.

Figure 2C - Automatic protocol detection process summary, page 3
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8. HD OBD AND OBD Il INSPECTION AND MAINTENANCE CLIENT SERVER INTERACTION

Figures 3A and 3B provide a process summary for HD OBD and OBD Il inspection and maintenance (IM). Section 8 reviews
Figure 3 and provides additional application notes on the process and the use of SAE J1939-73 PGs displayed in Figure 3.
Section 9 discusses the inclusion of the VOBD function for WWH OBD. The VOBD function provides vehicle level readiness
and roadworthiness concepts.

8.1 Inspection and Maintenance Process Summary

The starting point of the process flowchart in Figure 3A assumes the process in Figures 2A through 2C was completed and
reached the “begin OBD IM procedure” off-page reference. In particular, the process in Figure 3A assumes that the DM5
request has already been performed and the DM5 responses |dent|fy that the vehlcle or englne is capable of supporting the

Fy Tor ' hges for readiness
| status.

5. Then the results
reported faults are
reported by DM12

should clearly fail.

Figures 3A and 3H adapt U.S. EPA’s best practices memorandum on diesel passenger'car vehicles that iglcited in Section 2.
These figures show the use of SAE J1939-73 defined data for HD OBD vehicles, that support permanent fault codes. This
adaptation is natdrally focused on U.S. EPA and CARB regulations. In Figure 3B, vehicles with known performance
problems may be|excused from failing the IM procedure: This is consistént with existing practices for|class 1 through 3
vehicles with spark ignition systems. Vehicles that are not ready or have permanent faults will commonly| fail the procedure
in Figure 3B. A vdhicle with no faults, but with some monitors indicated. as incomplete, may pass upon ¢xamination of the
completion indicafors.

IM procedures, as|adopted by local regulation, may define alternate criteria for failure, because not all OB vehicles support
DM23 and DM28.|A DTC that is both pending and permanént (DM6 and DM28) indicates a “clean screened” vehicle that
should not pass. A vehicle that has a pending and previously active DTC (DM6 and DM23) suggests a|recurring problem
that should be addressed with maintenance. Table 2, discussed in 8.4.1, lists the possible combinations [of fault codes and
their outcomes.

NOTE: A clean sgreened vehicle is a vehiclewhere the confirmed faults have been erased, but the vehiclg was not repaired.
These velnicles will continue to display their prior permanent faults and will show that the monitofs have not run.
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ready passes.
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ividual IM
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pass these vehicles during IM procedures.

5 that do
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Figure 3A - HD OBD and OBD Il inspection/maintenance (IM) process summary for SAE J1939
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Pass Readiness
Check
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Figure 3B - HD OBD readiness check inspection as defined by U.S

. EPA best practice
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8.2 MIL Status

The service tool shall aggregate the individual DM1 messages to establish the status of the MIL when it is focused on the
vehicle assessment. This will prevent occasions when display on the tool of MIL status = off, when one component demands
it to be on. Additional MI information is provided in the HRWV and HRVS messages for malfunction indicator display
strategy, continuous malfunction indicator, and malfunction indicator activation mode.

8.2.1 Aggregation of DM1 MIL Status for IM

SAE J1939 is developed to distribute systems over multiple components. Thus, one component may require the MIL to be
illuminated, while others do not require MIL illumination. Aggregation is a prioritized logical OR function over the individual
contributions. An operation table for aggregation is given in Table 1. The rows and columns are indexed by MIL status
values. The aggrefated MICStatus result1s found by TooKing up the celt where the row and cotumn mtersect. The operation
is commutative and associative. Note: The designation of Short Ml (value 102) is used only for WWH.QBD systems. The
MIL status enumeration does not have a value for “error.” NA (value 112) stands for not available,

Table 1 - MIL status aggregation operator

MIL_Status
Aggregation Operator Off (value 002) On (value 012) Short M (value 102) NA (value 112)
Off (value 002) Off (value 002) On (value 012) Short MI<(value 102) Off (yalue 002)
On (value 012) On (value 012) On (value 012) On-(value 012) On (Yalue 012)
Short Ml (value 102) Short Ml (value 102) On (value 012) Short Ml (value 102) Short Ml (value 102)
NA (value 112) Off (value 00) On (value 012) Short Ml (value 102) NA (yalue 112)

8.2.2 Scope of Aggregation

The scan tool shall aggregate the MIL status using the MIk status values from all DM1 messages, ipcluding the DM1
messages from agldresses not supporting DM5 and addresses for non-OBD components. DM1 is broaficast on a regular
schedule by SAH J1939 devices, even when they de<nhot have faults to report. In this way, they[maintain periodic
communication of MIL status for multiplexed operator displays. The loss of the periodic DM1 message from an
OBD-compliant dgvice is considered an OBD failure:and the aggregated MIL status shall be ON.

8.3 Diagnostic Readiness and Monitor Status

SAE J1939-73 deffines DM5 and DM21:10 provide readiness status of individual monitors. Local regulations may require
only some of the data defined for DM& and DM21.

8.3.1  Service Tpol Request

of OBD-compliant
d other messages
hysical addresses
't DM21 or DM26;

thus, only one OBD-compliant device may respond.

NOTE: Destination specific requests are required for given diagnostic messages as described SAE J1939-73. The
destination specific requests avoid a log jam of multiple, long BAM messages, which are slower than the equivalent
point to point communications message timing. SAE J1939-73 DMs that provide fault codes require more than one
CAN frame when there is more than one DTC to communicate.
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8.3.2 OBD System Response

DMS5 is purposefully limited to a single CAN frame, so the BAM method will not be used to reply to a global DM5 request.
Each DMS5 reply includes:

Count of previ

Count of active diagnostic trouble codes

ously active diagnostic trouble codes

OBD compliance

Continuously monitored systems support/status

NOTE: Non-OBD

DM21 replies inclyde:

Distance travd

Minutes run b

Distance travd

DM26 replies proy
e Number of wa
8.4 Detected F3
SAE J1939-73 de
8.4.1
Failures detected

(confirmed and p
13 CCR 1971.1, L

Non-continuojAst monitored systems

Non-continuolisly monitored systems status

Time since diggnostic trouble codes cleared

HD OBD and OBD Il Detected Failures

devices may support DM5 to provide counts of active and previously active DTCs.

led since diagnostic codes cleared

y engine while MIL is activated

led while MIL is activated

ide:

rm ups since diagnostic codes cleared
ilures

ines messages for cammunicating all detected failures required of OBD systems.

for HD OBBR~and OBD II are reported with DM6 (pending), DM12 (confirmed and &
reviously.active). HD OBD and Euro VI systems will also support DM28 (permane
M12.s called MIL-on fault code and DM23 is called previously MIL-on fault code.

ctive), and DM23
nt) fault codes. In

Table 2 recomme

nds’the IM Result for combinations of reporting conditions for a given (i.e., single) DT

C. For example, in

row 3, an individual failure code is reported in DM6 (pending) and in DM28 (permanent). This DTC is not reported in DM12
(active) or DM23 (confirmed and previously active). The IM result for row 3 is fail because this combination of faults for a
given DTC suggests the vehicle had its faults erased without an effective repair being made. Engines or vehicles with
confirmed and active faults clearly fail IM. Refer to SAE J1939-73 for definitions of DM6, DM12, DM23, and DM28. The logic
in Figures 3A and 3B is consistent with this recommendation. Figure 3B additionally allows for an intervention process for

those vehicles tha

842 WWHOB

t do not fit a strict interpretation of this process model.

D Detected Failures

WWH OBD classifies failures as Class A, B1, B2, and C. Additionally, failure status may be pending, confirmed and active,
and previously active. SAE J1939-73 defines 12 services (DM41 through DM52) to request each class and status of DTC.

Tables 25 and 26

of SAE J1939-73 define the mapping of PGs to A, B1, B2, and C fault classes.
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Table 2 - IM failure detection for fault combinations

Confirmed

and Active Permanent

Row (DM12)

(DM28)

Pending
(DM6)

Confirmed and
Previously
Active (DM23)

IM Result

1 True
2 False

3 False

Any
True

True

Any
True

True

Any
True

False

Fail: MIL should be on.

Fail: This condition is not a believable
combination for a properly implemented system.
Fail: This combination indicates a vehicle/engine had
its faults cleared without an effective repair being
completed.

4 False

5 False

6 False

7 False

8 False

9 False

True

True

False

False

False

False

False

False

True

True

False

False

True

False

True

False

True

False

Fail: This condition is not a believiable
combination for a properly implemented system.
Fail: Without evidence of repair,likely clean screen
vehicle. May retest.

Pass: With evidence of repair.

Note: Vehicles that are iteratively tested due to prior
failures and related repairs may not have their
readiness set in"addition to having ohe or more
permanent faults.

Pass: (Thé diagnostic condition is infermittent with a
period under 40 warm-up cycles. The engine/vehicle
should‘pass because the MIL is off and the lack of a

pefmanent fault code indicates it ha
clean-screened.)

Pass: Single trip monitor will show o
active (DM12) and will not show pen

5 not been

nly confirmed and
ding (DM6) too.

The diagnostic condition may be intgrmittent with a

period greater than 40 warm-up cycl

Pass: Lack of either a pending or pe
suggests that detection method has
more consecutive evaluations, but h
past 40 warm-up cycles. The display
that the vehicle was not clean scree

Pass.

eS.

rmanent fault
passed three or
as not progressed

of DM23 shows
hed.

NOTE: Local reg
percentag

CARB HD
DM28 wh
rows 2 an

E. (See row 1.)

14.)

CARB HD

ilations may acceptysome failures that do not light the MIL when the emissions

OBD regulations (13 CCR 1971.1 (d)) require implementers to erase the permanen
bn that DTC 'is deleted from the DM12 display with SAE J1939 communication impl

increase is a low

fault displayed in
bmentations. (See

OBD regulations (13 CCR 1971.1 (d)) require implementers to erase the pending fat

It with SAE J1939

communication implementations. (See row 7.)

9. WWH OBD VOBD IMPLEMENTATION GUIDELINES

Section 9 describes the key points for the implementation of the vehicle on-board diagnostics (VOBD) function required to
support Use Case 1 of WWH OBD. Section 9.1 discusses the use cases identified in the WWH OBD GTR. Section 9.2
discusses the VOBD function definition. Section 9.3 describes architecture options for VOBD implementation. Section 9.4
discusses the aggregation of system information from HRWS messages into the vehicle’s HRWV response for Use Case 1.
Section 9.5 discusses considerations toward the implementation of Use Case 2. As of the date of publication, there is no
second regulation besides the WWH OBD GTR that would require the use of the aggregation function across separate
(functional) subsystems.
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9.1 WWHOBD

Information Use Cases

The WWH OBD GTR defines three use cases of information within control modules complying with its provisions:

Use Case 1: Information about the emissions-related OBD system state.
Use Case 2: Information about active emission-related malfunctions.
Use Case 3: Information related to diagnosis for the purpose of repair.

Use Case 1 provides information suited to the selection of vehicles for enforcement inspections at roadside inspection
stations. This data provides information about the vehicle, or engine state with respect to required failure detection given in
the WWH OBD GTR.

Use Case 2 proV
passenger cars a
monitor by monito
a pass/fail decisio

Use Case 3 provigles information to support the repair of the vehicle or engine. Use Casge/3 defines the

a minimum, must
9.2 VOBD Fundg

ISO 27145-1 defin
access is particulg
that may proceed
point can also be
vehicles have beg

SAE J1939-73 in
implementation of
into a composite i
Networks that sup
provides the vehig
(Harmonized Roa
the vehicle level a
messages. Sectio

9.3 VOBD Fundg

The HRWV and H
architecture concg
VOBD function is
function lies, as a
and the VOBD fur

des mjormation suited 10 the periodic INspection of VENICIES or engines. such NSy
e called “smog checks” or inspection/maintenance (IM) checks. Use Case 2 data~de
 and provides the fault codes for pending, confirmed and active, and previously active s
n for the vehicle or engine.

be provided to support the repair of the vehicle or engine.

tion for SAE J1939

es the VOBD function to provide the common access point forlegislated diagnostics. A
rly beneficial to facilitate Use Case 1 to sort vehicles at réadside inspection operations
without additional inspection and those vehicles that'deserve additional inspection. A

n sorted.

plements a component-focused set of diagnostic services, to support (sub-) syd

bections today for
ails the readiness
tatuses to support

set of data that, at

common point for

nto those vehicles
A common access

beneficial to implement Use Case 2 supporting inspection and maintenance (IM) operations after the

tem repairs. The

the VOBD function leverages this set, andiadds methods for aggregating (sub-) syste

] Worthiness — System) (PGN64867) provides the individual (sub-) system contributio
Esessment. Section 9.3 diseusses the architectures, which can be supported using the |
h 9.4 describes the aggregation of HRWS messages into the HRWV message.

tion Implementation Architecture

IRWS messages are intended to function across a variety of physical architecture ¢
pts are illustrated in Figure 4. Figure 4A illustrates a common distributed architecture
assigned\to a unique physical device. Figure 4B illustrates a ‘gateway’ architecture
uniqué physical device, between the tool and the vehicle network. Both the connection
ction~and the VOBD function and the vehicle are shown as SAE J1939 segments. Fig

VOBD function cq

diagnostic status

nformation set that supports sorting vehicles and identification of those (sub-) systemq in need of repair.
port WWH OBD must support HRWV-PG (Harmonized Road Worthiness - Vehicle) (PGN 64868). HRWV
le-level assessment of roadworthiness, the MI, readiness, and the duration of Ml illumipation. HRWS PG

to aggregate into
ARWV and HRWS

pncepts. Example
for a vehicle. The
where the VOBD
5 between the tool
ure 4C shows the

-located or embedded within the engine ECU. The VOBD function is not contained

in its own unique

physical device in

Figure 4C.

The structure of the HRWV and HRWS messages provides the flexibility to assign the logical VOBD function across multiple
architectural concepts. The VOBD device must claim the OBD function and a physical address, if the device does not
implement any other function. A device that integrates the VOBD function may claim the OBD function and an additional
address if a separate address for the OBD function is preferred. Since the only the VOBD function responds to requests for
HRWYV, the VOBD function is readily identified by a request for HRWV PG (PGN 64868), independent of whether any
SAE J1939 device claims the OBD function. Figures 4A and 4B show the VOBD in a distinct device, where the device would
claim the OBD function. The OBD function will not be claimed for Figure 4C since the engine directly supports HRWV PG
(PGN 64868). A device that only implements the VOBD function will claim the OBD function (function 62) using the preferred
address 164 as given in SAE J1939 Tables B2 or B3. If address 164 is not available under the rules established in
SAE J1939-81, then the VOBD function may use address 43.
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J1939 Network Segmen
|
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B) Gateway .Architecture Example
Tool
J1939 Network|
|
After Engine/ Trans- Instrument Brakes
treatment VOBD mission Cluster

C) Embedded Architecture Example
Figure 4 - VOBD function architecture examples
9.4 VOBD Function Vehicle Level Aggregation

Figure 5 demonstrates the information flow for the HRWS and HRWV messages based on the functional architecture. The
functional architecture is independent of the physical architectures illustrated in Figure 4. For Use Case 1, the tool only
communicates with the VOBD function. The tool requests HRWV PG (PGN 64868), to determine M| and readiness status.
A passing result would not require the tool to inquire upon the VIN, unless it is desired for inspection record keeping. To
provide a common access point for Use Case 1, it is necessary to assign VIN access to the VOBD function. VIN (SP 237,
vehicle identification number) is provided in response to a request for Vehicle Identification PG (PGN 65260).
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HRWYV message content provides the overall view of vehicle roadworthiness and readiness. Vehicle continuous malfunction
indicator, vehicle malfunction indicator display strategy, vehicle malfunction indicator activation mode, and vehicle current
MI accumulated time MIL present the worst-case answers from individual HRWS messages. Vehicle non-roadworthy
component count and vehicle incomplete monitor count are sums of the individual system counts. Under this definition, zero
values indicate that all regulated systems of the vehicle are roadworthy and all monitors completed execution. The HRWS
messages (PGN 64867) are sent to the VOBD function periodically by individual systems. Referring to Figure 4, separate
HRWS messages may be sent by the aftertreatment system and by the engine system. This demonstrates a functional
assignment of WWH OBD requirements across individual (sub-) systems.

The VOBD function aggregates the individual HRWS messages by summing the system non-roadworthy component
count(s) and system incomplete monitor count(s). Worst-case logic aggregates system continuous malfunction indicator,
system malfunction indicator display strategy, and system malfunction indicator activation mode. The VOBD function also
uses worst case fpgictosefectfromthe(sub=)systenmrecordsof Mi-ittumimatiom (D2t PGNPGN49408) SPN 3295
(Minutes Run by Engine while MIL is Activated) to provide the maximum value as vehicle current-Mbjaccumulated time
(SPN 4138).

Systems VOBD Tool

HRws System 1
HRws System 2
HRWS System 3
Request DM2!

D

W»
AW
W»

AW
) VIN
%»
HRws System 1

HRws System 2
HRws System 3

Figure 5 - VOBD function vehicle readiness aggregation

9.5 VOBD Function Use Case 2 and Use Case 3 Considerations

Since the scope of an inspection may be limited to a given (sub-) system of the vehicle, and in the future this (sub-) system
will be other than the emissions control system, as discussed in WWH OBD GTR Module A, the component-centric approach
in SAE J1939-73 is used for Use Case 2 and Use Case 3 information requests. In Use Case 2, the individual contributions
provided by HRWS PG (PGN 64867) may be used to review the results of a specific subsystem, when only that (sub-)
system is being inspected. HRWS message content will also indicate which system may have priority by making the greatest
contribution to HRVW. Then, the services support from SAE J1939-73 may be used to assess and repair the vehicle.
Example inquiries are shown in Figure 6. Figure 6A shows direct communication between a tool and an individual system,
which follows from Figures 4A and 4C. Figure 6B shows the resulting message flow resulting from Figure 4B.
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Providing a single access point for all Use Case 2 and Use Case 3 information on a SAE J1939 network duplicates existing
SAE J1939 functions or results in the use of the transfer PG (refer to SAE J1939-21). Given the distributed architecture
examples in Figures 4A and 4C, inquiries to the VOBD function would be repeated from the VOBD function to the other
network devices. Then the network devices would send their response back to the VOBD. Finally, the VOBD function would
send the responses back to the tool. Since the tool, the network devices, and the VOBD function are on the same network
segment, this functional process doubles the network air time used for a single request. To eliminate this duplication,
SAE J1939-73 provides a uniform set of diagnostic services that all network devices can support.
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(v 1 Class A p

2 Use J1939.p1 RTCSS)
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A) Use Case 2 Inspection/Maintenance Direct Example

Systems VOBD Tool

Re 1t R SS 1 1 Request\lRWSSysten |
- q €S W yse \

HRws System 1
HRws System 1

B) Use Case 2 Inspection/Maintenance Gateway Example

Figtre-6—Use-Case2-examples
10. NOTES

10.1 Revision Indicator

A change bar (l) located in the left margin is for the convenience of the user in locating areas where technical revisions, not
editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document title

indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original
publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE TRUCK BUS CONTROL AND COMMUNICATIONS NETWORK COMMITTEE
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APPENDIX A - INDEX OF WWH OBD SUPPORT

Appendix A maps the existing GTR into the support defined in SAE J1939 messages. Principally, these messages are
defined in SAE J1939-73 and SAE J1939DA. Three use cases are discussed in 4.7.1 of Module B of the WWH OBD GTR.
The communication data for these use cases are found in 4.7.1.1, 4.7.1.2, and 4.7.1.3. Section 4.7.1.1 documents Use
Case 1. Section 4.7.1.2 documents Use Case 2, and 4.7.1.3 documents Use Case 3. The support for these use cases is
reviewed in Sections B.1 through B.3.

The mapping shows the support developed in SAE J1939-73 Application Layer Diagnostics for 4.7.1.1 of Module B of the
WWH OBD GTR. Section 4.7.1.1 describes Use Case 1, information about the engine state. The SAE J1939-73 definitions
for Use Case 1 support the vision given in Module A, by providing a means to communicate overall vehicle roadworthiness.

These messages |
overall readiness,

Finally, failure rep
This data is defindd in Annex 5 of GTR Module B.

A1 WWH OBP USE CASE 1 MAPPING

Table A1 maps the GTR requirements into SAE J1939 SPNs and messages for Use Case 1, information &

brting for class A, B1, B2, and C malfunctions is provided in new messages that further
failures. Analysis pf the required parametric data and freeze frame data requirements)is’beyond the sg

Table A1 - WWH OBD Use Case 1 mapping

1. An indication of

for roadworthiness reporting (commonly known as Use Case 1) is provided in the HRWYV message. This
message is capaple of aggregating the GTR required emissions OBD information with information f
systems that may pe subject to OBD in the future. A component (or subsystem) level message isTdefined f
from independent|GTR requirements so that the VOBD can easily calculate the overall vehicle readiness.

om other vehicle
o report the status

Characterize these
ope of this report.

bout engine state.

Module B GTR Text

Mapping to SAE J1939-71

5/DA

471
- discriminatory/non-discriminatory display strategy

Recorded information

- the VIN (vehiclg¢ identification number)
- presence of a dontinuous-Ml

- the readiness df the OBD-system

Not a detailed requirement

-73 PGN 64868 HRWV SPN 4135 Veh
Indicator Display Strategy

DA PGN 65260 SPN 237 Vehicle Ident

-73 PGN 64868 HRWV SPN 4134 Veh
Malfunction Indicator

-73 PGN 64868 HRWV SPN 4135 Veh
Indicator Activation Mode

[-73 PGN 65226 DM1 SPN 1213 MIL s
indicate a continuous Ml in DM1 fora g

-73 PGN 64868 HRWV SPN 4137 Veh
Monitor Count
-73 PGN 64868 HRWV SPN 4133 Veh

cle Malfunction

fication Number
cle Continuous

cle Malfunction

atus will also
ven component]

cle Incomplete

cle

Non-Roadworthy Component Count

- the number of engine operating hours during which a
continuous-MI was last activated (continuous-MI counter)

-73 PGN 64868 HRWV SPN 4138 Vehicle Current Ml

Accumulated Time

-73 PGN 49408 DM21 SPN 3144 Minutes Run by

Engine While MIL is Activated

This information shall be read only access (i.e., no clearing).
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A2 WWH OBD USE CASE 2 MAPPING

Table A2 maps the GTR requirements into SAE J1939 SPNs and messages for Use Case 1, information about engine state.

Table A2 - WWH OBD Use Case 2 mapping

Module B GTR Text

Mapping to SAE J1939-73/DA

Information about active emission-related
malfunctions

4712

Not a detail requirement

This information will provide any inspection station with a subset of engine related OBD data including the malfunction
indicator status and associated data (Ml counters), a list of active/confirmed malfunctions of classes A and B and

associated data
understanding of

The OBD systenj shall provide all information (according to the applicable standard set in module A An
external inspectipn test equipment to assimilate the data and provide an inspector with the fellewing inf

- the GTR (and rgvision) number
- discriminatory/non-discriminatory display strategy

- the VIN (vehiclg identification number)

- the Malfunction| Indicator status

- the Readiness pf the OBD system

Electric/Electronic Components{Monitoring (Annex 3 -
Appendix 1)

Diesel Particulate Filter (DPF), Or Particulate Matter
Trap (Annex 3 - Appendix2)

Selective Catalyfic Reduction (SCR) Monitoring
(Annex 3 - Appendix 3)

€.0., B1-counter). [A typical Use of this information package may be 1o establish detail
the emission road-worthiness of the engine system.]

-73 PGN 64866 HGRD SPN 4144 Global Teg
Regulation Description

Ed

hex 1) for the
prmation:

hnical

-73 PGN 64867 HRWS SPN4141 System Malfunction

Indicator Display Strategy
DA PGN 65260 SPN 237 Vehicle Identificatio

-73 PGN 6486 7HRWS SPN 4140 System Cq
Malfunction Indicator

n Number
ntinuous

-73 PGN 64867 HRWS SPN 4142 System Malfunction

Indicator-Activation Mode
[-73 PGN'65226 DM1 SPN 1213 MIL status

a continuous MI in DM1 for a given component]

+£3 PGN 64867 HRWS SPN 4143 System In
Count

-73 PGN 64867 HRWS SPN 4139 System Nd
Component Count
...and existing details from -73 PGN 65230 DI
below for Annex 3
[Note: Secondary Air [AIR_CMPL,] A/C (R12)
[ACRFCMPL,] O2_Sensor Heating Monitoring
are not specified for WWH OBD]

-73 PGN 65230 DM5 SPN 1221 Byte 4 Bit-7
Component Monitoring Status

-73 PGN 65230 DM5 SPN 1223 Byte 6 Bit-3

-73 PGN 65230 DM5 SPN 1223 Byte 6 Bit-4

ill also indicate

omplete Monitor
n-Roadworthy
V5 as shown

Monitoring
[HTR_CMPL]

Comprehensive
PM Filter

NOx Converting

catalyst and/or NOx Adsorber

Lean-NOx Trap (LNT, or NOx Adsorber) (Annex 3 -
Appendix 4)

Diesel Oxidation Catalyst (DOC) Monitoring (Annex 3
- Appendix 5)

Exhaust Gas Recirculation (EGR) System Monitoring
(Annex 3 - Appendix 6)

Fuel System Monitoring (Annex 3 - Appendix 7)

Air Handling and Turbocharger/Boost Pressure
Control System (Annex 3 - Appendix 8)

Variable Valve Timing (VVT) System (Annex 3 -
Appendix 9)

-73 PGN 65230 DM5 SPN 1223 Byte 6 Bit-4 NOx Converting

Catalyst and/or NOx Adsorber

-73 PGN 65230 DM5 SPN 1223 Byte 6 Bit-5 NMHC
Converting Catalyst System Monitoring Status

-73 PGN 65230 DM5 SPN 1223 Byte 7 Bit-8 EGR System

Monitoring Status

-73 PGN 65230 DM5 SPN 1221 Byte 4 Bit-6 Fuel System

Monitoring Status

-73 PGN 65230 DM5 SPN 1223 Byte 6 Bit-2 Boost Pressure

Control System
Reuse existing bit
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Module B GTR Text

Mapping to SAE J1939-73/DA

Misfire Monitoring (Annex 3 - Appendix 10)

Crankcase Ventilation System Monitoring (Annex 3 -

Appendix 11)

Engine Cooling System Monitoring (Annex 3 -

Appendix 12)

Exhaust Gas Sensor Monitoring (Annex 3 - Appendix

13)

Idle Speed Control System Monitoring (Annex 3 -

-73 SPN 1221 PGN 65230 DM5 Byte 4 Bit-5 Misfire

Monitoring Status
Reuse existing bit

Reuse existing bit

-73 PGN 65230 DM5 SPN 1223 Byte-7 Bit-6 Oxygen Sensor

Monitoring Status
Reuse existing bit

Appendix 14)

- number of warr
- number of engi
OBD information

- the number of 4
continuous-MIl w
counter)

- the cumulated
(cumulative cont

- the value of the
of engine operat

- the confirmed 4
malfunctions

- the confirmed 4
and B2) malfunc

- the confirmed 4
malfunctions

- the software cal

- the calibration

n-up cycles and
ne operating hours since recorded
was last cleared

ngine operating hours during which a
hs last activated (continuous-MI

bperating hours with a continuous-Ml
nuous-MI counter)

B1 counter with the highest number
ng hours

nd active DTCs for Class A

nd active DTCs for Classes B (B1
ions

nd active DTCs Class B1

ibration identification(s)

erification number(s).

-73 PGN 64952 DM26 SPN 3151 Number.of
DTCs Cleared

-73 PGN 49408 DM21 SPN 3145 Time Since
Trouble Codes Cleared

-73 PGN 49408 DM21 SPN 3144 Minutes Ru
While MIL is Activated

-73 PGN 64865 HCMKSPN 4145 System Cur
Continuous Ml Time

-73 PGN 64865 HCMI SPN 4146 System Gre
Counter

-73 Tables'25 and 26

-78Tables 25 and 26
Reuse DM12 for all active DTCs

-73 Tables 25 and 26

-73 PGN 54016 DM19 SPN 1635 Calibration
(CAL ID)

-73 PGN 54016 DM19 SPN 1634 Calibration
Number (CVN)

Warm-Ups Since

Diagnostic

h by Engine

nulative

atest B1

dentification

Verification

This information s

hall be read only aecess (i.e., no clearing).

NOTE: It should e understodd that loading a new calibration would likely change this data. Lists of DT

have trad

tionally.been cleared when DTCs are cleared.

Cs and readiness



https://saenorm.com/api/?name=15395207455520b980a497e47fd107c8

SAE INTERNATIONAL

J1939™-03 MAY2021

Page 33 of 51

A3 WWH OB

D USE CASE 3 MAPPING

Use Case 3 defines the required capabilities for repair of regulated equipment. The information in WWH OBD GTR
Module B, Annex 5 is not mapped by this table. Annex 5 describes parametric data and freeze frame information content.

Table A3 - WWH OBD Use Case 3 mapping

Module B GTR Text

Mapping to SAE J1939-73/DA

4713

Information for Repair

This information will provide repair technicians with all OBD data specified in this module (e.g., freeze frame

information).

The OBD systen{ shall provide all information (according to the applicable standard set in module A An
st equipment to assimilate the data and provide a repair technician with the following i

external repair tg
-the GTR (and r

pvision) number

- the VIN (vehiclg identification number)

- the malfunction

- the readiness @

- number of warr
- number of engi
OBD information

- monitor status
cycle complete t
drive cycle) sinc
used for readine

- the number of ¢
malfunction indig
MI counter)

- the confirmed 4
malfunctions

- the confirmed 4
and B2) malfunc

- the cumulated

indicator status

f the OBD system

n-up cycles and
ne operating hours since recorded
was last cleared

i.e., disabled for the rest of this drive
is drive cycle, or not complete this
last engine shut-off for each monitor

5s status

ngine operating hours since the
ator has been activated\(continuous

nd active DTCs for'Class A
nd active(DT'Cs for Classes B (B1

ions
bpefating hours with a continuous-Ml

(cumulative cont

nuous-MI counter)

-73 PGN 64866 HGRD SPN 4144 Global Tec]
Regulation Description

DA PGN 65260 SPN 237 Vehijcle’ldentificatio

-73 PGN 64867 HRWS SPN\4140 System Cd
Malfunction Indicator
-73 PGN 64867 HRWS.SPN 4142 System M3
Indicator Activation Mode
[-73 PGN 65226 DM1 SPN 1213 MIL status W
a continuous ¥ in DM1 for a given componer

See Use Case 2 breakdown

-73 PGN\64952 DM26 SPN 3151 Number of
DTCs/Cleared

-73. PGN 49408 DM21 SPN 3145 Time Since
Trouble Codes Cleared

-73 PGN 64952 DM26 SPNs 3152, 3153, 325
as noted for Use Case 2 above for new monit
status requirements.

-73 PGN 49408 DM21 SPN 3144 Minutes Ru
While MIL is Activated

-73 Tables 25 and 26
-73 Tables 25 and 26

Reuse DM12 for all active DTCs.
-73 PGN 64865 HCMI SPN 4145 System Cun

hex 1) for the
hformation:

hnical

n Number
ntinuous

Ifunction

ill also indicate
t.]

Narm-ups Since

Diagnostic
4 with omissions

or readiness

n by Engine

nulative

Continuous M| Time

- the value of the B1 counter with the highest number

of engine operati

ng hours

- the confirmed and active DTCs for Class B1
malfunctions and the number of engine operating

hours from the B

1-counter(s)

- the confirmed and active DTCs for Class C

malfunctions

- the pending DTCs and their associated class

- the previously active DTCs and their associated

class

-73 PGN 64865 HCMI SPN 4146 System Gre
Counter

atest B1

-73 PGN 64952 HB1C SPN 4147 Failure Specific B1 Counter

-73 Tables 25 and 26

Reuse DM6
-73 Tables 25 and 26

Reuse DM23
-73 Tables 25 and 26
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Module B GTR Text Mapping to SAE J1939-73/DA

- real-time information on OEM selected and
supported sensor signals, internal and output signals
(see 4.7.2 and Annex 5)

- the freeze frame data requested by this module (see  -73 PGN 64950 DM24 SPN Support

-73 PGN 64950 DM24 SPN Support (Indicates support for
freeze frame, broadcast, and request information; identified
information may be defined by SAE J1939DA)

4.7.1.4 and Annex 5) -73 PGN 64951 DM25 Expanded Freeze Frame

- the software calibration identification(s) -73 PGN 54016 DM19 SPN 1635 Calibration Identification
(CAL ID)

- the calibration verification number(s) -73 PGN 54016 DM19 SPN 1634 Calibration Verification
Number (CVN)

The OBD systen shall clear all the recorded -3 PGN 65235 DM11 Diagnostic Data Clear/|Reset of

malfunctions of the engine system and related data Previously Active DTCs

(operating time information, freeze frame, etc.) in
accordance with|the provisions of this module, when
this request is prpvided via the external repair test
equipment according to the applicable standard set in
Module A Annex|1

A4

WWH OBD GTR

WWH OBP FAULT CLASSIFICATION REPORTING

classification. Taljle B4 shows messages are assigned by classification and status. Separate service
Pending, Confirmg¢d and Active, and Previously Active status.

Table A4 - WWH OBD fault reporting messages by status and severity class

Module B provides for four fault classifications, A, B1, B2, and C. Separate services arg defined for each

5 are provided for

Previously Active DM43 DM46 DM49 DM52 DM23

Severity Class/
Status Class A Class B1 Class B2 Class C Al
Pending DM41 DM44 DM47 DM50 DMp
Conflrmed and Active DM42 DM45 DM48 DM51 DM12
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APPENDIX B - HD OBD AND OBD Il IM PROCEDURE
Appendix B recommends an IM flow for vehicles that support SAE J1939 for OBD Il and HD OBD.

B.1 HD OBD AND OBD Il IM PROCEDURE INTRODUCTION

Section B.2 provides a historical procedure for heavy-duty OBD inspection and maintenance. The procedure is documented
as flowcharts with additional comments on the callouts. The process describes logical steps that may be used to perform
the OBD portion of an inspection and maintenance test. The procedure in Section B.2 does not fully automate the connection
process added by Figures 2A through 2C, nor does the procedure in Section B.2 fully provide all [potential] aspects of

Figure 3B.

Wherever possibl¢, The reasoning for such a sequence has been noted enner directly on the chart or on

the end of the flow
(and thus have a

This document an
are uncovered, or
regarding policy o
B.2 SAE J193
Figures B1 throug

regulations. The p
may be appropria

The flowcharts do
industry conventig

chart so that if the sequence is modified, appropriate steps may be taken by the state
petter experience). Section B.3 documents specific callouts in the flowchart that-do. hot

d EPA’s guidance as to how the inspection should be performed are updated periodica
as better technical solutions are discovered. Check with appropriate EPA personnel if yj
r technical decisions, or if field issues are determined to be concerns and industry sho

9-03 HEAVY-DUTY HD-OBD I/M TEST PROCESS
h B14 define a model OBD I/M test process for vehicles @sing SAE J1939 messag
rocess starts with Figure B1 and ends with Figure B14. Off-page connectors are used

e. Some status variables are included to control iteration attempts and store intermedi

not represent the only way that such tests can be)performed—they are a descriptive
ns for passenger car IM. As such, individualcsteps, suggested wording, etc., can be

the footnote list at
0 avoid a problem
fit in the figures.

ly, as more issues
pu have questions
Lld be notified.

es to satisfy OBD
0 skip sections as
te results.

bxample based on
altered, modified,

re-ordered, etc., t¢ meet an individual jurisdiction’s needs. The. sequences portrayed by this flowchart afe based on actual

in-field experience

The flowcharts arg not intended to provide a detailed software design description. They provide an abstr

of the process wit
read and write me

Wherever possibl
specifically design
they are found du
flowchart does no
fault codes.

s learned by industry individuals and expert groups.

hout, for example, describing how.to manage communications using a given CAN cor
ssages.

b, suggestions are given to“ease the effort of implementation. Process steps include
ed to minimize the chance for mistakes during the I/M test and to address known vehicl
ring state inspectioh program operation. Since it is based on existing passenger car |
include consideration for DM28 permanent fault codes. See 8.4.1 for more information

act representation
troller interface to

d here have been
e problems before
M procedures, the
about permanent
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START: CONFIRM MY >2008 & CONNECT TO SAE J1939-13 DLC

Start HD-OBD
I/M Test

Assumptions:
VIN & Year, Make, Model, and Engine (YMME)
information are previously collected by host
application.

ls oowertrain.
/co/mponent installed in a model
year 2008 or newer heavy
duty engine?

Invalid powertrain component Exit HD-OBD
for HD-OBD testing I/M Test

Connect data link cable to
vehicle mounted DLC

Data Link Connector (DLC) Check

Query inspector:
Is data link cable
connected?
<keyboard input>

Query inspector:
Can data link cable
be connected?
<keyboard input>

Turn ignition key
or run switch off

G>/ for 30 seconds

\ 4

A Inspection Process Option:
(1) Prompt inspector to enter reason cannot be connected and take appropriate actiory from
there:

-Data Link Connector (DLC) tampering has occurred
-Data Link Connector (DLC) is inaccessible due to OEM design
-Data Link Connector (DLC) is inaccessible due to Aftermarket equipment
-Data Link Connector (DLC) cannot be located
-Disabled motorist
(2) Default to back-up test;
(3) Fail powertrain component/vehicle;
(4) Other

Figure'B1 - SAE J1939-03 heavy-duty HD-OBD I/M test process start
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SAE INTERNATIONAL

ON-BOARD DIAGNOSTIC MIL CHECK

Set MIL_KOEO_Visual_Result=Empty
Set MIL_KOER_Visual_Result=Empty
Set Comm_Result=Empty

Prompt inspector to turn
ignition key or run switch to

OEEKOEO)
g

Prompt Inspector to urn
ignition key or run switch

ralN|
1 I 7
visually watch dashboard MIL. >
‘ to off position
Query inspector: Use software timer to
Does MIL illuminate NO wait 30 seconds
(momentarily or constant)? v
<Keyboard Input>
Prompt inspector to turn
YES ignition key or run switch to
ON, engine OFF (KOEO);
visually watch dashbpard MIL.
Queéry inspector:
. YES Do€s\MIL illuminate
o (momentarily or constant)?
<Keyboard Input>
Set flag to:
MIL_KOEO_Visual_Result=Pass
L Set flag to:
n MIL_KOEO_Visual_Result=Fail
Visual MIL Bulb Check
V.

FigureB2 - SAE J1939-03 heavy-duty HD-OBD I/M test process page A
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ESTABLISHING COMMUNICATION WITH ON-BOARD
DIAGNOSTIC SYSTEM

Set loop counter X=0 4—@

Set loop counter Y=0

v

Perform synchronization to 250kbps
speed followed by address claim

process per SAE J1939

# Prompt Inspector to check:

Attempt to establish communication to a HD T Ts Ign Rey/Run Switch On,
Engine Off?

OBD ECU by listening for PGN 61444 -
(Engine Speed) broadcast message /‘ 2. Is cable firmly connected to
vehicle mounted J1939-13 DLC?.

! |

Listen for PGN 61444
(Engine Speed) broadcast -
message for 500ms Increment XEX+4

test equipment recieve a

broadcast message that contains
PGN 61444 (Engine Speed) from any
HD OBD

ECU?
YES
Set flag to:
Comm_Result=Pass
ECU performs Address Claim
Set flag to:
Comm_Result=Fail

after confirming 250kbps and

receiving Engine Speed data

A

ECU sends Address Claim to
OBD tester, o

Communication Check

Figure B3 - SAE J1939-03 heavy-duty HD-OBD I/M test process page B
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VERIFYING POWERTRAIN COMPONENT VALID FOR INSPECTION

Verify powertrain component is HD OBD compliant by —
sending global request for DM5 message (Diagnostic SPN 1220 Text Description (J1939-73 9/04)
Readiness 1) from all HD OBD ECUs using $FF as $0E HDV (EURO V) B1
Destination Address (DA) $OF HDV (EURO V) B2
‘ $10 HDV (EURO EEC) C
$11 Engine Manufacturer Diagnostics

Receive global request message response
from all vehicle ECUs that support DM5, SPN
1220 (OBD Compliance)

* Spectionm PTotess
/ Powertrain component may be: Option;
Is powertrain (1) 2007 MY or older non-HD OBD (reg. 1968.2), (1) Reject fromOBD I/
component equipped 2009 MY or older non-HD OBD (reg. 1971.1); M test.and, treat |ike
with HD OBD (DMS5, SPN (2) Non-HD OBD Federal vehicle <8,500 Ibs —»  non:OBD vehicle;
1220 equal to $0E thru $11? (3) Non-HD OBD California vehicle <14,000 Ibs (2)include in OBD) I/M
(4) Non-US certified vehicle test with special
(5) Other??? hapdling (e.g., igore
deficiencies...
Verify ppwertrain component supports SPN Supported
suspect parameter number by sending specific
rejquest for DM24 message (SPN Support)
Regeive individual global message responses
(NAME) from all vehicle ECUs that support
DM24, SPN 3146 (SPN Supported)
i Prompt Inspector to make
o Prompt Inspeptor to: - sure engine is running (or
Start Engine restart engine)

Y

Verify engine is running by receiving J1989 PGN 61444,
SPN 190 [250kbps broadcast message providing engine
speed] from any one of the ECUs thatresponded to DM24,
SPN 3146 and indicated support for SPN 1220

:

Is engine speed
> 250 rpm?

uery Inspector: "Engin
peed cannot be accessed electronica
to verify engine is indeed running. Press Yes to
continue the test anyway, or press No to
check again for engine speed >250"
<Keyboard Input>

YES

A

Y

Figure B4 - SAE J1939-03 heavy-duty HD-OBD I/M test process page C
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CHECK ELECTRONIC VIN SUPPORT

. NO Is powertrain
Set flag value:
Electronic_VIN_Test_Result = N/A component L;p?aetrerTfSt MY 2008

YES

Read VIN by sending global
request for PGN 65260 (Vehicle
Identification) from all HD OBD
ECUs using $FF as Destination
Address (DA)

Did a response
to PGN 65260
request occur?

Set flag value:
Electrenic_VIN_Test_Result = NJA

Receive message responses for
PGN 65260 (Vehicle
Identification) from all HD OBD
ECUs and note responding ECUs,
with VIN information

l

Decode physicakresponse(s)

Figure B5 - SAE-J19390-3 heavy-duty HD-OBD I/M test process page D
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